A mong the classical problems in mass spectrometry is the carbon and hydrogen scrambling in the benzene radical cation and the probably connected observation that (collisionally induced) mass spectra of benzene and of many of its isomers show highly similar fragmentation patterns (see [l] for a review). In addition to this, studies of ion-molecule reactions of C,H, radical cations from different neutral precursors 12-51 and of their photodissociation and/or charge exchange ionization mass spectra [6-81 show that, depending on the internal energy, these ions may isomerize to the benzene structure without decomposition.
In a recent article [9] from this laboratory it was shown that semiempirical calculations give a clear qualitative picture of the processes involved, which is in very good agreement with the experimental results. The conclusions from this work now are used as a starting point for ab initio calculations. In this article we report the results for the first processes studied: hydrogen scrambling via consecutive Q-hydrogen shifts and carbon scrambling via an isomerization to the fulvene structure. Ab initio calculations on the 1,2-hydrogen shift in the benzene radical cation were published previously by Gallup et al. [lo] , who obtained a value of 1.86 eV for the energy difference between the benzene radical cation and the product ion (structure 2 in Scheme I). This value is significantly below the dissociation limit of 3.88 eV [II] . In the present article it will be shown that the other barriers involved also are far below the dissociation threshold. Table  CI ([14] and references cited therein) option of GAMESS-UK. In these calculations the lowest 10 occupied and the highest 40 virtual molecular orbitals were discarded. All configurations that had a coefficient squared higher than 0.0025 in the final ground state wave function or higher than 0.0030 in the wavefunction for the second root (of the same symmetry) were used as reference configurations.
The extrapolation threshold was set at the lowest value that was compatible with the maximum number of 30,000 configurations in the final diagonalization.
For the benzene radical cation and all transition states, the threshold was 5 phartree; for the remaining stable ion structures it was 7.5 phartree (see Table 1 ). The MRCI values given in Table 1 are the estimated full configuration interaction (CI) values including a size-consistency correction. The MRCI values in Table 2 are relative to the benzene radical cation energy calculated with the same extrapolation threshold.
Results and Discussion
The processes involved are shown in Scheme I and the results of the calculations, together with the modified neglect of differential overlap (MNDO) results from [9] , are given in Tables 1 and 2 .
From the results it is first of all clear that the semiempirical values from [9] for the energy differences between the stable ion structures are in reasonable agreement with the ab initio results. Also the relative semiempirical values for the isomerization barriers are more or less correct, but their absolute values are systematically some lo-20 kcal mol-' too high.
Structures 2, 3, and 4, obtained from the benzene structure by consecutive 1,2-hydrogen shifts, have essentially identical heats of formation of about 35 kcal mol-', which is 1.52 eV higher than that of the benzene radical cation, which is 8 kcal mol-' lower than the value given in [lo] . For all three barriers that connect the benzene structure and structures 2,3, and 4, a value of about 50 kcal mol-' is obtained, and the value for Ts is slightly lower than that for the other two barriers. It thus follows that once the internal energy of the benzene radical cation is sufficient for a 1,2-hydrogen shift, the moving hydrogen atom can go to any position in the benzene ring. This event leads to much faster hydrogen scrambling than follows from [lo], where only structure 2 was considered to be an intermediate structure in hydrogen scrambling. The barrier for carbon scrambling by an isomerization of structure 2 to the fulvene structure is approximately 17 kcal mol-' higher than that for hydrogen scrambling. This observation gives a simple explanation for the well-known independence of hydrogen and carbon scrambling in the benzene radical cation [ll. Interestingly, both the semiempirical and the ab initio SCF calculations suggest that the isomerization of structure 2 to the fulvene structure proceeds via the stable intermediate 5. The MRCI results, however, show that this intermediate very probably does not exist. Both the barriers for hydrogen scrambling (50.6 kcal mol-' = 2.19 eV) and that for carbon scrambling (67.2 kcal mol-' = 2.91 eV) are significantly below the dissociation threshold of 3.88 eV.
According to the semiempirical results in [9] , many isomerization reactions between classical and nonclassical C,H, radical cation structures have barriers below the dissociation limit. At higher internal energies, many of these reactions may contribute to hydrogen scrambling in C,H, radical cations and some to carbon scrambling. The calculations indicate that the lowest barriers that can be reached directly from the structures in Scheme I are those for ring opening of structure 3 to the 1,3-hexadien-5-yne structure and for ring contraction of both structures 2 and 3 to nonclassical ion structures with a five-membered ring and an exo-
